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Tunable  waveguide  oscillator. 
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<§Z)  An  oscillator  formed  in  rectangular  waveguide  (1)  with 
both  mechanical  and  electronic  tuning  comprises  an  oscil- 
lator  device  (4)  spaced  from  a  movable  short-circuit  termi- 
nation  (2)  with  a  varactor  diode  (5)  therebetween,  the  effec- 
tive  electrical  spacing  between  the  oscillator  device  (4)  and 
the  varactor  (5)  being  approximately  an  integral  number  of 
halv-wavelengths  at  the  operating  frequency.  The  varactor 
(5)  extends  into  the  waveguide  (1)  from  one  broad  wall 
thereof  and  engages  a  transverse  member  (10)  extending 
between  the  narrow  walls  so  that  only  part  of  the  heigth  of 
the  waveguide  (1)  at  that  region  is  obscured.  This  enables 
the  operating  frequency  and  hence  the  extent  of  coupling  of 
the  varactor  (5)  to  the  oscillator  cavity,  and  thus  the  elec- 
tronic  tuning  range,  to  be  varied  by  adjusting  the  position  of 
the  short-circuit  (2).  To  enable  the  operating  frequency  to  be 
mechanically  adjusted  without  greatly  influencing  the  elec- 
tronic  tuning  range,  an  E-plane  stub  (11)  with  a  movable 
short-circuit  termination  (12)  may  be  branched  from  the 
waveguide  (1)  at  the  same  region  as  the  varactor  (5). 
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  An  oscillator  formed  in  rectangular  waveguide  (1)  with 
both  mechanical  and  electronic  tuning  comprises  an  oscil- 
lator  device  (4)  spaced  from  a  movable  short-circuit  termi- 
nation  (2)  with  a  varactor  diode  (5)  therebetween,  the  effec- 
tive  electrical  spacing  between  the  oscillator  device  (4)  and 
the  varactor  (5)  being  approximately  an  integral  number  of 
halv-wavelengths  at  the  operating  frequency.  The  varactor 
(5)  extends  into  the  waveguide  (1)  from  one  broad  wall 
thereof  and  engages  a  transverse  member  (10)  extending 
between  the  narrow  walls  so  that  only  part  of  the  heigth  of 
the  waveguide  (1)  at  that  region  is  obscured.  This  enables 
the  operating  frequency  and  hence  the  extent  of  coupling  of 
the  varactor  (5)  to  the  oscillator  cavity,  and  thus  the  elec- 
tronic  tuning  range,  to  be  varied  by  adjusting  the  position  of 
the  short-circuit  (2).  To  enable  the  operating  frequency  to  be 
mechanically  adjusted  without  greatly  influencing  the  elec- 
tronic  tuning  range,  an  E-plane  stub  (11)  with  a  movable 
short-circuit  termination  (12)  may  be  branched  from  the 
waveguide  (1)  at  the  same  region  as  the  varactor  (5). 



The  i n v e n t i o n   r e l a t e s   to  a  waveguide  o s c i l l a t o r   with  b o t h  

e l e c t r i c a l   and  mechanica l   means  for  a l t e r i n g   the  o p e r a t i n g  

c h a r a c t e r i s t i c s   of  the  o s c i l l a t o r .  

Such  o s c i l l a t o r s   are  widely  used  in  microwave  t echno logy .   A 

t y p i c a l   o s c i l l a t o r   of  th is   kind  comprises   mechanica l   means  to  p r o v i d e  

a  coarse   ad jus tmen t   of  the  o p e r a t i n g   f requency  of  the  o s c i l l a t o r  

and  a  tuning  v a r a c t o r   to  provide  a  fine  a d j u s t m e n t   of  the  o p e r a t i n g  

f requency  and/or   for  f requency  m o d u l a t i o n .  

O s c i l l a t o r s   with  both  mechanica l   and  e l e c t r o n i c   tuning  a r e  

d i s cus sed   in  the  paper  "Ana ly t i c   Model  for  Varac to r -Tuned   Waveguide 

Gunn  O s c i l l a t o r s "   by  A.S.  Templin  and  R.L.  Gunshor,  IEEE  T r a n s a c t i o n s  

on  Microwave  Theory  and  Techniques ,   Vol.  MTT-22,  No.  5 (May  1 9 7 4 ) ,  

pp  554-556.  This  paper  p r e s e n t s   the  r e s u l t s   of  c a l c u l a t i o n s   ( u s i n g  

two  d i f f e r e n t   t h e o r e t i c a l   models)  and  e x p e r i m e n t a l   data  for  two 

o s c i l l a t o r   c o n f i g u r a t i o n s   each  compr is ing   a  length   of  f u l l - h e i g h t  

X-band  waveguide  c o n t a i n i n g   a  Gunn  diode  and  a  v a r a c t o r   diode  s p a c e d  

along  the  waveguide  from  one  another   and  from  a  movable  s h o r t - c i r c u i t  

t e r m i n a t i o n   at  one  end  of  the  waveguide;   each  of  the  diodes  is  c o u p l e d  

to  the  waveguide  with  a  r e s p e c t i v e   mounting  post .   In  one  o s c i l l a t o r  

c o n f i g u r a t i o n   ("case   I " ) ,   the  Gunn  diode  is  l o n g i t u d i n a l l y   i n t e r m e d i a t e  

the  v a r a c t o r   diode  and  the  s h o r t - c i r c u i t ,   while  in  the  o ther   ("case   2" )  

the  converse  a p p l i e s .   In  each  case,   the  range  of  e l e c t r o n i c   t u n i n g  

o b t a i n a b l e   with  a  change  in  v a r a c t o r   bias  is  dependent   on  the  p o s i t i o n  

of  the  s h o r t - c i r c u i t .   In  case  1  (Gunn  diode  c l o s e r   than  the  v a r a c t o r  

diode  to  the  s h o r t - c i r c u i t ) ,   wherein  the  cen t r e   f requency  of  t h e  

o s c i l l a t o r   is  said  to  be  p r i m a r i l y   de te rmined   by  the  spacing  b e t w e e n  

the  Gunn  diode  mounting  post  and  the  s h o r t - c i r c u i t ,   the  o s c i l l a t o r  

has  a  very  wide  mechanica l   tuning  range  ( 8 . 5 - 1 2 . 0   GHz)  but  t h e  

e l e c t r o n i c   tuning  range  is  c r i t i c a l l y   dependent   on  the  s e t t i n g   o f  

the  s h o r t - c i r c u i t   and  is  mostly  very  small  ( l e s s   than  10  MHz).  I n  



case  2  ( v a r a c t o r   diode  c l o s e r   than  the  Gunn  diode  to  the  s h o r t - c i r c u i t ) ,  

wherein  the  cen t r e   f requency  is  said  to  be  p r i m a r i l y   de termined  by  t h e  

spacing  between  the  Gunn  device  mount  and  the  v a r a c t o r   mounting  post ,   t h e  

e l e c t r o n i c   tuning  range  v a r i e s   with  the  s e t t i n g   of  the  s h o r t - c i r c u i t   i n  

a  f a i r l y   r e g u l a r   manner  from  zero  up  to  a  somewhat  l a rge r   maximum  v a l u e  

of  50-70  MHz,  but  the  mechanica l   tuning  range  is  much  smal ler   than  i n  

case  1.  

It  is  an  ob j ec t   of  the  i n v e n t i o n   to  provide  an  improved  t u n a b l e  

waveguide  o s c i l l a t o r .  

According  to  the  i n v e n t i o n ,   a  tunable   waveguide  o s c i l l a t o r   c o m p r i s e s  

an  e l o n g a t e   p o r t i o n   of  r e c t a n g u l a r   waveguide  h a v i n g  a   t e r m i n a t i o n   at  one 

end,  a  n e g a t i v e - r e s i s t a n c e   o s c i l l a t o r   device   spaced  along  the  po r t i on   o f  

waveguide  from  said  one  end,  means  compris ing   a  v a r a c t o r   diode  for  p r e -  

s e n t i n g   an  e l e c t r i c a l l y   v a r i a b l e   r e a c t a n c e   in  the  waveguide  at  a  r e g i o n  

t h e r e o f   l o n g i t u d i n a l l y   between  the  o s c i l l a t o r   device  and  the  t e r m i n a t i o n ,  

and  means  for  m e c h a n i c a l l y   a l t e r i n g   the  e f f e c t i v e   e l e c t r i c a l   spac ing ,   i n  

terms  of  the  wave length   in  the  waveguide  at  the  o p e r a t i n g   f requency  o f  

the  o s c i l l a t o r ,   between  the  o s c i l l a t o r   device  and  said  region  wherein  i n  

o p e r a t i o n   said  spacing  is  app rox ima te ly   an  i n t e g r a l   number  of  ha l f   wave- 

l e n g t h s ,   and  wherein  the  v a r i a b l e   r e a c t a n c e   means  extend  into  the  wave-  

guide  over  only  par t   of  the  he igh t   of  the  waveguide  at  said  r e g i o n ,  

measured  p e r p e n d i c u l a r   to  the  broad  walls   of  the  wavegu ide .  

Impor tan t   c o n s i d e r a t i o n s   on  which  the  i n v e n t i o n   is  based  a r e : -  
(a)  The  v a r a c t o r   should  be  coupled  to  the  waveguide  in  such  a 

manner  tha t   the  o s c i l l a t o r   device  (which  is  f u r t h e r   than  the  v a r i a b l e  

r e a c t a n c e   means  from  the  t e r m i n a t i o n )   can  s t i l l   "see"  the  t e r m i n a t i o n ,   so  
tha t   the  o p e r a t i n g   f requency  of  the  o s c i l l a t o r   (wi thout   v a r a c t o r   t u n i n g )  

need  not  be  p r i m a r i l y   de te rmined   by  the  spacing  between  the  o s c i l l a t o r  

device   and  said  reg ion   at  which  the  v a r a c t o r   is  coupled  to  the  wavegu ide .  

(b)  The  e f f e c t i v e   e l e c t r i c a l   spacing  between  said  region  and  t h e  

o s c i l l a t o r   device  should  be  f a i r l y   c lose  to  an  i n t e g r a l   m u l t i p l e   of  h a l f -  

w a v e l e n g t h s .   ( I t   is  g e n e r a l l y   d e s i r a b l e   to  make  the  o s c i l l a t o r   cav i ty   as 

shor t   as  p o s s i b l e ,   and  t h i s   m u l t i p l e   wi l l   t h e r e f o r e   u s u a l l y   be  o n e . )  

When  th i s   e f f e c t i v e   e l e c t r i c a l   spacing  has  a  value  which  is  an  e x a c t  

i n t e g r a l   number  of  h a l f - w a v e l e n g t h s ,   the  v a r i a b l e   r e a c t a n c e   means 

wi l l   be  s i t u a t e d   at  a  minimum  in  the  e l e c t r o -  



magnetic  f i e ld s   in  the  waveguide  and  should  t h e r e f o r e   have  s u b s t a n t i a l l y  

no  e f f e c t   on  the  o p e r a t i n g   f requency.   As  the  spacing  is  p r o g r e s s i v e l y  

a l t e r e d   mechan ica l ly   from  this   va lue ,   the  v a r a c t o r   w i l l  

be  coupled  to  the  e l e c t r o m a g n e t i c   f i e l d s   to  a  p r o g r e s s i v e l y   g r e a t e r  

ex ten t   and  hence  the  e l e c t r o n i c   tuning  range  should  p r o g r e s s i v e l y  

i n c r e a s e .  

S u i t a b l y ,   said  t e r m i n a t i o n   and  said  means  for  m e c h a n i c a l l y  

a l t e r i n g   said  spacing  comprise  a  movable  s h o r t - c i r c u i t   at  s a i d  

end.  The  e f f e c t i v e   e l e c t r i c a l   spacing  between  the  o s c i l l a t o r   d e v i c e  

and  the  s h o r t - c i r c u i t   wi l l   then  g e n e r a l l y   be  an  i n t e g r a l   m u l t i p l e  

(two  or  more)  of  h a l f - w a v e l e n g t h s   at  the  o p e r a t i n g   f requency .   An 

a l t e r a t i o n   in  the  p o s i t i o n   of  the  s h o r t - c i r c u i t   wi l l   tend  to  m a i n t a i n  

this   c o n d i t i o n   by  a l t e r i n g   the  o p e r a t i n g   f requency ,   thus  v a r y i n g  

the  e f f e c t i v e   e l e c t r i c a l   spacing  between  said  reg ion   and  the  o s c i l l a t o r  

device  in  terms  of  the  wavelength   at  the  o p e r a t i n g   f requency  and 

hence  the  ex ten t   of  coupl ing   between  the  v a r a c t o r   and  the  e l e c t r o m a g n e t i c  

f i e l d s   and  consequen t ly   the  e l e c t r o n i c   tuning  range.   The  e l e c t r o n i c  

tuning  range  and  t h e  o p e r a t i n g   f requency  are  then  i n t e r - r e l a t e d .  

The  v a r a c t o r   diode  may  extend  into  the  waveguide  away from  one 

broad  wall  t h e r eo f   and  the  v a r i a b l e   r e a c t a n c e   means  may  f u r t h e r  

comprise  a  member  p rov id ing   an  e l e c t r i c a l l y   conduc t ive   connec t i on   t o  

a  t e rmina l   of  the  v a r a c t o r   diode  remote  from  said  one  broad  w a l l  

and  ex tending   t r a n s v e r s e   to  the  waveguide  from  said  t e rmina l   to  a t  

l ea s t   one  of  the  narrow  walls   of  the  w a v e g u i d e .  

S u i t a b l y ,   said  member  extends  s u b s t a n t i a l l y   p a r a l l e l   to  t h e  

broad  walls   of  the  waveguide  s u b s t a n t i a l l y   mid-way  t h e r e b e t w e e n .  

The  conduc t ive   connec t ion   w i l l   then  not  be  coupled  to  the  f u n d a m e n t a l  

mode  (TE10)  in  the  waveguide,   and  a  s u b s t a n t i a l   p r o p o r t i o n   of  t h e  

he igh t   of  the  waveguide  at  said  region  may  be  u n o b s t r u c t e d   a c r o s s  
the  whole  width  of  the  waveguide  (and  in  p a r t i c u l a r   c e n t r a l l y  
between  the  narrow  w a l l s ) .  

For  b i a s i n g   of  the  v a r a c t o r   diode,   said  conduc t ive   c o n n e c t i o n  

may  be  e l e c t r i c a l l y   coupled  to  said  at  l e a s t   one  of  the  narrow  w a l l s  

at  R.F.  but  be  e l e c t r i c a l l y   i s o l a t e d   t he re f rom  at  D.C.  The  o t h e r  

t e rmina l   of  the  v a r a c t o r   may  then  be  c o n d u c t i v e l y   connected  to  t h e  



waveguide,   for  example  at  said  one  broad  wal l .   As  an  a l t e r n a t i v e ,  

said  conduc t ive   connec t ion   need  not  be  i s o l a t e d   from  the  na r row 

wal ls   at  D.C.  but  i n s t e a d   the  o ther   t e rmina l   of  the  v a r a c t o r   may 
be  coupled  to  the  waveguide  at  R.F.  but  be  i s o l a t e d   the re f rom  at  D.C. 

In  known  c o n f i g u r a t i o n s   of  v a r a c t o r - t u n e d   waveguide  o s c i l l a t o r ,  

a  s u b s t a n t i a l l y   l i n e a r   v a r i a t i o n   of  o p e r a t i n g   f requency  with  d i r e c t  

v o l t a g e   across   the  v a r a c t o r   diode  over  at  l e a s t   the  m a j o r i t y   o f  

the  maximum  operab le   range  of  v a r i a t i o n   of  the  c a p a c i t a n c e   of  t h e  

v a r a c t o r   diode  can  be  ob ta ined   only  if  the  v a r a c t o r   is  a  h y p e r a b r u p t  

v a r a c t o r .   It  has  s u r p r i s i n g l y   been  found  that   with  waveguide  

o s c i l l a t o r s   embodying  the  i n v e n t i o n ,   such  a  f r e q u e n c y / v o l t a g e  

c h a r a c t e r i s t i c   may  be  o b t a i n a b l e   with  an  abrupt   tuning  v a r a c t o r  

d i o d e .  

An  o s c i l l a t o r   embodying  the  i n v e n t i o n   may  f u r t h e r   comprise  a 

waveguide  s tub  branched   from  the  e longa te   p o r t i o n   of  waveguide  

s u b s t a n t i a l l y   at  said  r eg ion ,   the  stub  compris ing   means  for  v a r y i n g  

the  r e a c t a n c e   p r e s e n t e d   thereby  to  the  e longa te   p o r t i o n   of  w a v e g u i d e .  

This  has  the  grea t   advantage  tha t   the  o p e r a t i n g   f requency  can  be  changed 

with  a  s u b s t a n t i a l l y   smal le r   e f f e c t   on  the  ex ten t   of  the  e l e c t r o n i c   t u n i n g  

range.   S u i t a b l y ,   the  stub  impedance  is  e f f e c t i v e l y   in  s e r i e s   w i t h  

the  waveguide.   To  vary  the  r e a c t a n c e   p r e sen t ed   by  the  s tub,   t h e  

stub  may  be  t e r m i n a t e d   with  a  movable  s h o r t - c i r c u i t .   The  e l e c t r o n i c  

tuning  range  may  then  be  set  by  the  p o s i t i o n   of  the  s h o r t - c i r c u i t  

t e r m i n a t i o n   of  the  main  p o r t i o n   of  waveguide  and  the  o p e r a t i n g  

f requency  se t ,   wi thout   g r e a t l y   a f f e c t i n g   the  e l e c t r o n i c   tuning  r a n g e ,  

by  the  p o s i t i o n   of  the  s h o r t - c i r c u i t   t e r m i n a t i o n   of  the  stub.  I n  

an  embodiment  wherein   the  v a r a c t o r   diode  extends  into  the  waveguide  

from one broad  wall  t h e r e o f ,   the  stub  s u i t a b l y   is  branched  from  t h e  

o p p o s i t e   broad  w a l l .  

Embodiments  of  the  i n v e n t i o n   wi l l   now  be  d e s c r i b e d ,   by  way 
of  example,  with  r e f e r e n c e   to  the  d iagrammat ic   drawings,   in  w h i c h : -  

Figure  I  is  a  l o n g i t u d i n a l   p a r t l y   s e c t i o n a l   view  of  a  f i r s t  

embodiment ;  

F igure   2  is  a  c r o s s - s e c t i o n   on  the  l ine   I I - I I   in  Figure  1;  



Figure  3  is  a  l o n g i t u d i n a l   p a r t l y   s e c t i o n a l   view  of  a  s econd  

embodiment;  

Figure  4  is  a  c r o s s - s e c t i o n   on  the  l ine  IV-IV  in  Figure  3; 

and 

Figure  5  is  a  graph  showing  the  v a r i a t i o n   of  f requency  and 

output   power  with  v a r a c t o r   bias  vo l t age   for  an  embodiment  of  t h e  

i n v e n t i o n .  

The  embodiment  shown  in  Figures  I  and  2  comprises  an  e longa te   p o r t i o n  

of  r e c t a n g u l a r   waveguide  1  t e rmina ted   at  one  end  by  a  s t anda rd   form  o f  

waveguide  n o n - c o n t a c t i n g   movable  s h o r t - c i r c u i t   2.  The  s h o r t - c i r c u i t   2  i s  

r o t a t i o n a l l y   symmetr ica l   about  the  l o n g i t u d i n a l   axis  of  the  wavegu ide  

and  compr ises ,   in  l o n g i t u d i n a l   s u c c e s s i o n ,   three   s e c t i o n s   of  a l t e r n a t e l y  

l a rge r   and  smal le r   d i ame te r ,   each  app rox ima te ly   a  q u a r t e r   wavelength   l o n g  

in  the  o p e r a t i n g   f requency  range  of  the  o s c i l l a t o r ,   and  a  t h r e a d e d  

end  s e c t i o n   r o t a t a b l y   r ece ived   in  a  threaded  bore  in  an  end  p l a t e   3 

of  the  waveguide  hous ing .   The  s h o r t - c i r c u i t   can  be  secured  i n  

p o s i t i o n   by  a  lock-nu t   (not  shown) .  

Spaced  along  the  waveguide  1  from  the  s h o r t - c i r c u i t   2  and  from 

one  another   are  a  Gunn  diode  4  and  a  v a r a c t o r   diode  5,  both  mid-way 

between  the  narrow  walls  of  the  waveguide.   The  Gunn  diode  4  i s  

mounted  on  a  c y l i n d r i c a l   plug  6  which  is  secured  (by  means  not  shown) 

in  a  bore  in  the  waveguide  housing  that   extends  to  the  lower  b r o a d  

wall  of  the  waveguide.   The  lower  t e rmina l   of  the  diode  5  is  t h r e a d e d l y  
r ece ived   in  the  plug  6,  which  also  forms  a  h e a t - s i n k   for  the  d e v i c e ,  

and  is  thereby  c o n d u c t i v e l y   connected  to  the  waveguide  h o u s i n g .  

Contact   to  the  upper  t e rmina l   of  the  Gunn  diode  is  made  by  a  c o n d u c t i v e  

post  7  which  is  D . C . - i s o l a t e d   from  the  hous ing .   The  post  is  d i s p o s e d  
in  a  bore  in  the  hous ing  tha t   comprises  a  f i r s t ,   s m a l l e r - d i a m e t e r  

p o r t i o n   ex tend ing   from  the  upper  broad  wall  of  the  waveguide  over  a 
d i s t a n c e   which  is  app rox ima te ly   a  q u a r t e r   wavelength   in  the  o p e r a t i n g  

frequency  range  of  the  o s c i l l a t o r ,   and  a  second,  l a r g e r - d i a m e t e r  

po r t i on   f u r t h e r   from  the  waveguide.   The  post  7  is  suppor ted   in  a 
bush  8  of  microwave  absorben t   m a t e r i a l   r ece ived   in  the  second  b o r e  

p o r t i o n   and  extends  with  c l e a r a n c e   through  the  f i r s t   bore  p o r t i o n  

into  the  wavegu ide .  



The  v a r a c t o r   diode  5  is  engaged  between  a  c y l i n d r i c a l   plug  9 ,  

which  is  secured  (by  means  not  shown)  in  a  bore  in  the  waveguide  

housing  tha t   extends  to  the  upper  broad  wall  of  the  waveguide,  and 

a  rod  10  of  c i r c u l a r   c r o s s - s e c t i o n   tha t   extends  t r a n s v e r s e   to  t h e  

l o n g i t u d i n a l   axis  of  the  waveguide  and  p a r a l l e l   to  the  broad  w a l l s  

of  the  waveguide,   in  th is   embodiment  mid-way  t he rebe tween .   The 

diode  5  is  d i sposed   in  a  recess   in  the  rod  10  so  dimensioned  t h a t  

the  lower  face  of  the  plug  9  is  f lush  with  the  upper  broad  w a l l  

of  the  waveguide.   The  ends  of  the  rod  10  are  suppor ted   in  t he  

waveguide  hous ing:   the  rod  is  of  aluminuim,  and  the  po r t i ons   of  i t s  

s u r f a c e   engaging  the  hous ing  are  anodised  so  tha t   the  rod  is  i s o l a t e d  

at  D.C.  but  coupled  at  R.F.  to  the  hous ing .   A  d i r e c t   bias  v o l t a g e  

can  thus  be  app l i ed   to  the  lower  t e rmina l   of  the  v a r a c t o r   diode  v i a  

the  rod  10,  the  upper  t e rmina l   being  c o n d u c t i v e l y   connected  to  t h e  

waveguide  hous ing   by  the  plug  9. 

It  w i l l   be  a p p r e c i a t e d   that   this   ar rangement   for  coupl ing  t h e  

v a r a c t o r   diode  to  the  waveguide  extends  over  only  part   of  the  h e i g h t  

of  the  waveguide,   in  c o n t r a s t   to  the  c o n v e n t i o n a l   post  a r r a n g e m e n t  
(as  used  in  the  above-ment ioned   known  o s c i l l a t o r ) ,   whi l s t   n e v e r t h e l e s s  

p e r m i t t i n g   the  v a r a c t o r   diode  to  be  p o s i t i o n e d   mid-way  between  t h e  

narrow  wal ls   of  the  waveguide  (to  maximise  the  e l e c t r o n i c   t u n i n g  

range  o b t a i n a b l e   with  a  s u i t a b l e   p o s i t i o n   of  the  s h o r t - c i r c u i t ) .   Th i s  

allows  the  o p e r a t i n g   f requency  to  be  a f f e c t e d   by  ad jus tment   of  t h e  

s h o r t - c i r c u i t   to  a  much  g r e a t e r   ex ten t   than  in  the  a b o v e - m e n t i o n e d  

known  o s c i l l a t o r   wherein  the  v a r a c t o r   is  between  the  Gunn  diode  and 

the  s h o r t - c i r c u i t   ( "case   2"),  and  consequen t ly   allows  the  ex tent   o f  

the  e l e c t r o n i c   tuning  range  to  be  ad jus t ed   over  a  wide  band  o f  

va lues ,   as  w i l l   now  be  f u r t h e r   e x p l a i n e d .  

In  th i s   embodiment,  the  spac ing   of  the  Gunn  and  v a r a c t o r   d i o d e s  

4  and  5  from  one  ano the r ,   and  of  the  v a r a c t o r   diode  5  from  the  s h o r t -  

c i r c u i t   2,  is  app rox ima te ly   h a l f   a  wavelength  in  the  o p e r a t i n g  

f requency   range  of  the  o s c i l l a t o r ;   the  spacing  of  the  Gunn  diode  4 

from  the  s h o r t - c i r c u i t   2,  which  should  be  s u b s t a n t i a l l y   an  i n t e g r a l  

m u l t i p l e   ( g r e a t e r   than  one)  of  h a l f   a  wave leng th ,   is  thus  one 

wavelength   in  th i s   case.  When  the  s h o r t - c i r c u i t   is  set  so  that   t h e  



e f f e c t i v e   e l e c t r i c a l   p o s i t i o n   of  the  v a r a c t o r   diode  is  mid-way 

between  the  Gunn  diode  and  the  s h o r t - c i r c u i t ,   the  v a r a c t o r   d i o d e  

wi l l   be  at  a  minimum  in  the  e l e c t r o m a g n e t i c   f i e ld s   and  the  c o u p l i n g  

of  the  v a r a c t o r   diode  to  the  resonant   cav i ty   bounded  by  t h e  

Gunn  diode  and  the  s h o r t - c i r c u i t   wi l l   be  a  minimum:  c o n s e q u e n t l y ,  

the  e l e c t r o n i c   tuning  range  wi l l   be  minimal.   As  the  s h o r t - c i r c u i t  

is  moved,  the  o p e r a t i n g   f requency  wi l l   change  s i g n i f i c a n t l y   b e c a u s e  

the  Gunn  diode  can  "see"  the  s h o r t - c i r c u i t   t e r m i n a t i o n ,   and  t h e  

e f f e c t i v e   e l e c t r i c a l   spacing  of  the  v a r a c t o r   diode  from  the  Gunn 

diode  wi l l   t h e r e f o r e   p r o g r e s s i v e l y   change  from  h a l f   a  wavelength   a t  

the  o p e r a t i n g   f requency ,   so  that   the  v a r a c t o r   diode  wi l l   be  i n c r e a s i n g l y  

coupled  to  the  f i e l d s   in  the  r e sonan t   cav i ty   and  the  e l e c t r o n i c   t u n i n g  

range  wi l l   i n c r e a s e   c o r r e s p o n d i n g l y .  

As  an  a l t e r n a t i v e   to  the  a b o v e - d e s c r i b e d   b i a s i n g   a r r a n g e m e n t  
for  the  v a r a c t o r   diode,   the  rod  10  may  be  c o n d u c t i v e l y   connected  t o  

the  waveguide  housing  and  i n s t e a d   the  plug  9  may  be  i s o l a t e d   at  D.C. 

from  the  housing  and  coupled  t h e r e t o   at  R.F. ,   for  example  by  a  t h i n  

i n s u l a t i n g   l a y e r .  

It  is  not  neces sa ry   for  the  rod  10  to  extend  from  the  v a r a c t o r  

diode  to  each  of  the  narrow  walls  of  the  waveguide,   but  it  may 
i n s t e a d   extend  to  only  one  of  them.  This  may  be  p a r t i c u l a r l y   a p p r o p r i a t e  

when  the  v a r a c t o r   is  mounted  c l o s e r   to  one  of  the  narrow  walls  t h a n  

the  o ther   ( the  maximum  o b t a i n a b l e   e l e c t r o n i c   tuning  range  not  b e i n g  

r e q u i r e d ) ,   in  which  case  the  rod  may extend  into  the  waveguide  from  t h a t  

one  narrow  wall  only  as  far  as  the  v a r a c t o r .  

In  a d d i t i o n   or  as  an  a l t e r n a t i v e   to  the  movable  s h o r t - c i r c u i t ,  

the  o s c i l l a t o r   may  comprise  one  or  more  d i e l e c t r i c   tuning  s c r ews  
in  the  waveguide  and/or   tuning  stubs  (which  may  be  r e d u c e d - h e i g h t   E - p l a n e  
stubs  with  movable  s h o r t - c i r c u i t s )   to  vary  the  o p e r a t i n g   f requency  o f  

the  o s c i l l a t o r   and  thus  the  e f f e c t i v e   e l e c t r i c a l   s p a c i n g , i n   t e rms  

of  the  wavelength   at  the  o p e r a t i n g   f requency ,   of  the  v a r i a b l e   r e a c t a n c e  

from  the  o s c i l l a t o r   device .   This  spacing  may  be  app rox ima te ly   e q u a l  

to  a  h igher   i n t e g r a l   m u l t i p l e   than  one  of  h a l f   a  wave leng th ,   b e i n g  

for  example  app rox ima te ly   one  wave leng th ;   this   may  for  example  

be  the  case  when  i t   is  d e s i r e d   to  inc lude   the  above-ment ioned   a d d i t i o n a l  



or  a l t e r n a t i v e   tuning  means  and  it  is  p h y s i c a l l y   d i f f i c u l t   or  i m p o s s i b l e  

to  accommodate  the  va r ious   components  s u f f i c i e n t l y   close  t o g e t h e r  

in  terms  of  the  wavelength   in  the  o p e r a t i n g   f requency  range  ( e s p e c i a l l y  

of  course  at  high  f r e q u e n c i e s ) .  

As  i n d i c a t e d   above,  i t   is  not  e s s e n t i a l   for  the  v a r a c t o r   d i o d e  

to  be  p o s i t i o n e d   mid-way  between  the  narrow  walls  of  the  wavegu ide .  

If  the  v a r a c t o r   diode  is  o f f s e t   from  the  c e n t r a l   p o s i t i o n ,   t h e  

maximum  o b t a i n a b l e   e l e c t r o n i c   tuning  range  wi l l   be  less  than  w i t h  

the  v a r a c t o r   in  the  c e n t r a l   p o s i t i o n :   n e v e r t h e l e s s ,   an  o f f s e t  

p o s i t i o n   may  be  p r e f e r a b l e   if  the  maximum  e l e c t r o n i c   tuning  r a n g e  
is  not  needed  but  it   is  i n s t ead   de s i r ed   to  reduce  the  s e n s i t i v i t y  

of  the  e x t e n t   of  the  tun ing   range  to  ad jus tmen t s   in  the  p o s i t i o n   o f  

the  s h o r t - c i r c u i t   t e r m i n a t i o n ,   so  tha t   a  p a r t i c u l a r   e l e c t r o n i c  

tun ing   range  may  be  more  r e a d i l y   or  a c c u r a t e l y   set  by  a d j u s t i n g   t h e  

s h o r t - c i r c u i t .  

It  is  a lso   p o s s i b l e   for  the  v a r a c t o r   diode  to  be  d i f f e r e n t l y  

p o s i t i o n e d   with  r e s p e c t   to  the  broad  wal ls   of  the  waveguide  from 

the  c o n f i g u r a t i o n   d e s c r i b e d   above  with  r e f e r e n c e   to  Figures   1  and  2.  

For  example,  the  diode  may  be  wholly  wi th in   the  waveguide  and  s p a c e d  

from  the  upper  broad  wal l ,   with  the  lower  t e rmina l   engaging  t h e  

t r a n s v e r s e   member  and  con tac t   made  to  the  upper  t e rmina l   by  a  p o s t  

ex t end ing   t h e r e t o   from  the  upper  broad  wal l ,   or  the  diode  may  e x t e n d  

only  p a r t l y   into  the  waveguide  and  be  p a r t l y   r e c e s s e d   in  the  wavegu ide  

hous ing .   As  a  f u r t h e r   a l t e r n a t i v e ,   the  diode  may  be  wholly  o u t s i d e  

the  waveguide  and  be  coupled  t h e r e t o   by  a  coax ia l   l ine   s t r u c t u r e ,  

the  outer   conductor   of  the  coaxia l   l ine   being  formed  by  the  wavegu ide  

hous ing   and  being  connected   to  one  t e rmina l   of  the  diode,   w h i l e  

the  inner   conductor   of  the  coax ia l   l ine  is  connected  to  the  o t h e r  

t e r m i n a l   and  extends  in to   the  waveguide  to  the  t r a n s v e r s e   member. 

The  embodiment  of  F igures   1  and  2  has  the  d i s a d v a n t a g e   t h a t  

the  o p e r a t i n g   f requency  cannot  be  a l t e r e d   s u b s t a n t i a l l y   w i t h o u t  

also  s u b s t a n t i a l l y   changing  the  e l e c t r o n i c   tuning  range:   th is   i s  

u n d e s i r a b l e   for  a p p l i c a t i o n s   in  which  an  a c c u r a t e l y   def ined   t u n i n g  

range  is  r e q u i r e d   with  r e s p e c t   to  a  p a r t i c u l a r   f requency  of  o p e r a t i o n .  

This  problem  is  a l l e v i a t e d   with  the  embodiment  of  Figures   3  and  4 .  



This  embodiment  comprises  s u b s t a n t i a l l y   the  same  elements  as  t h e  

embodiment  of  Figures   1  and  2  (as  i n d i c a t e d   by  the  same  r e f e r e n c e  

numera ls ) ,   but  a d d i t i o n a l l y   comprises  a  waveguide  stub  11  which 

is  branched  from  the  main  waveguide  I  at  the  r eg ion   where  the  v a r a c t o r  

diode  5  is  coupled  t h e r e t o ;   the  stub  11  is  operable   to  p re sen t   a 

v a r i a b l e   r e a c t a n c e   to  the  waveguide  1,  in  th is   case  by  means  o f  

a  movable  s h o r t - c i r c u i t   12  of  analogous  c o n f i g u r a t i o n   to  the  movable  

s h o r t - c i r c u i t   2.  In  this   embodiment,  the  stub  is  an  E-plane  s t u b ,  

i . e .   a  s e r i e s   s tub,   being  branched  from  the  lower  broad  wall  o f  

the  waveguide,   oppos i t e   the  wall  from  which  the  v a r a c t o r   diode  5 

e x t e n d s .  

In  o p e r a t i o n ,   ad jus tment   of  the  s h o r t - c i r c u i t   t e r m i n a t i o n   12 

of  the  stub  causes  the  o p e r a t i n g   f requency  to  change  while  h a v i n g  

l i t t l e   e f f e c t   on  the  e l e c t r o n i c   tuning  range.  Thus  the  e l e c t r o n i c  

tuning  range  may  f i r s t   be  set  by  means  of  the  s h o r t - c i r c u i t   2 

t e r m i n a t i n g   the  main  waveguide  1;  the  o p e r a t i n g   f requency  can  t h e n  

be  set  by  means  of  the  s h o r t - c i r c u i t   12  t e r m i n a t i n g   the  stub  11. 

As  with  the  f i r s t - d e s c r i b e d   embodiment,  this   embodiment  may  c o m p r i s e  

a d d i t i o n a l   or  a l t e r n a t i v e   tuning  means  to  the  s h o r t - c i r c u i t   2,  f o r  

example  in  order  to  provide  fine  t u n i n g .  

It  is  thought  that   the  f u n c t i o n i n g   of  the  stub  11  may  be  as 

fo l lows.   The  stub  i n c r e a s e s   the  e f f e c t i v e   length  of  the  r e s o n a n t  

cav i ty   of  the  Gunn  o s c i l l a t o r   diode,   thereby  lowering  the  o p e r a t i n g  

f requency.   The  stub  being  p o s i t i o n e d   at  the  same  region  of  the  waveguide  1 

as  the  v a r a c t o r   diode,   the  i n c r e a s e   in  e f f e c t i v e   length  of  the  r e s o n a n t  

cav i ty   provided  by  the  stub  can  be  appo r t i oned   s u b s t a n t i a l l y   e q u a l l y  

to  the  s e c t i o n   of  the  waveguide  1  between  the  Gunn  and  v a r a c t o r  

diodes  and  to  the  s e c t i o n   of  the  waveguide  1  between  the  v a r a c t o r  

diode  and  the  s h o r t - c i r c u i t   2;  this   ma in ta ins   the  r a t i o   of  the  e f f e c t i v e  

e l e c t r i c a l   spacing  between  the  Gunn  and  v a r a c t o r   diodes  to  t h e  

e f f e c t i v e   e l e c t r i c a l   length  of  the  resonant   cav i ty   ( th i s   l a t t e r   l e n g t h  

c o n t r o l l i n g   the  o p e r a t i n g   f requency  and  wavelength)   a p p r o x i m a t e l y  

cons tan t   as  the  p o s i t i o n   of  the  s h o r t - c i r c u i t   t e r m i n a t i o n   12  of  t h e  

stub  is  a d j u s t e d ,   thus  r e s u l t i n g   in  l i t t l e   change  i n  t h e  e x t e n t   o f  

coupl ing   of  the  v a r a c t o r   diode  to  the  e l e c t r o m a g n e t i c   f i e l d s   in  t h e  



cav i ty   and  hence  in  the  e l e c t r o n i c   tuning  r a n g e .  

Expe r imen ta l   embodiments  of  the  forms  de sc r ibed   with  r e f e r e n c e  

to  the  drawings  have  been  c o n s t r u c t e d   in  waveguide  size  WG  22  (WR  28) 

for  o p e r a t i o n   wi th in   the  f requency  range  of  26 .5 -40 .0   GHz  (Q  b a n d ) .  

Microwave  Assoc i a t e s   v a r a c t o r s   type  MA  46600  J  and  GaAs  abrupt   p - n  

j u n c t i o n   v a r a c t o r   chips  in  M  208  e n c a p s u l a t i o n s   were  used;  the  Gunn 

diodes  were  va r ious   Microwave  A s s o c i a t e s   and  Mullard  dev ices .   It  was 

found  that   e l e c t r o n i c   tuning  ranges  of  1  GHz  or  more  could  be  r e a d i l y  

ob t a ined ,   and  tha t   with  at  l e a s t   some  of  the  v a r a c t o r s ,   the  f r e q u e n c y /  

v a r a c t o r   b ias   v o l t a g e   c h a r a c t e r i s t i c s   showed  markedly  less  c u r v a t u r e  

than  is  usual   with  abrupt   v a r a c t o r s   (hype rab rup t   v a r a c t o r s   with  c a r e f u l l y  

t a i l o r e d   j u n c t i o n s   are  normal ly   r e q u i r e d   for  a  s u b s t a n t i a l l y   l i n e a r  

c h a r a c t e r i s t i c ) ;   with  a  s u i t a b l e   mounting  post  a r rangement   for  the  Gunn 

diode,   a  c h a r a c t e r i s t i c   which  was  s u b s t a n t i a l l y   l i n e a r   over  at  l e a s t   a 

major  par t   of  the  e l e c t r o n i c   tuning  range  could  be  ob ta ined .   It  was 

also  p o s s i b l e   to  ob ta in   only  a  small  v a r i a t i o n   in  output   power  o v e r  

a  wide  e l e c t r o n i c   tuning  range.   As  usual ,   the  output   power  and  Q 

( q u a l i t y   f a c t o r )   dec reased   as  the  e l e c t r o n i c   tuning  range  i n c r e a s e d ,   w i t h  

output   powers  t y p i c a l l y   in  the  range  50-150  mW.  Figure  5  is  an  example  

of  a  graph  of  measured  change  in  output   f requency ,   / 1  f   ( s o l i d   l i n e ;  

l e f t - h a n d   s c a l e ) ,   and  measured  change  in  output   power,  £ 1   P  (dashed  l i n e ;  

r i g h t - h a n d   s c a l e ) ,   a g a i n s t   v a r a c t o r   bias  vo l t age   V.  The  f r e q u e n c y  
va r i ed   by  nea r ly   1300  MHz  as  the  bias  vo l t age   was  changed  from  zero  t o  

25  V,  the  v a r i a t i o n   being  nea r ly   l i n e a r ,   e s p e c i a l l y   over  the  range  o f  

0-15  V,  w h i l s t   the  output   power  changed  by  l i t t l e   more  than ½  dB  ( i n  

the  graph,  the  0  dB  l eve l   is  54  mW). 

Using  as  the  t r a n s v e r s e   member  10  rods  with  var ious   d iameters   i n  

the  range  of  1 . 3 - 2 . 5   mm,  i t   was  found  tha t   the  ra te   of  change  o f  

f requency  with  v a r a c t o r   bias  v o l t a g e   and  consequen t l y   the  maximum 

o b t a i n a b l e   e l e c t r o n i c   tuning  range  dec reased   as  the  d iameter   of  t h e  

rod  i n c r e a s e d .  

With  embodiments  of  the  form  shown  in  F igures   3  and  4,  i t   was 

found  tha t   by  a d j u s t i n g   the  stub  s h o r t - c i r c u i t   12,  the  o s c i l l a t o r s  

could  be  m e c h a n i c a l l y   tuned  over  ranges  of  2-3  GHz. 

If  the  o s c i l l a t o r   device  in  an  embodiment  of  the  i n v e n t i o n   is  a 



r e l a t i v e l y   h igh-power ,   l o w - r e s i s t a n c e   dev ice ,   it  may  be  d e s i r a b l e  

for  the  waveguide  to  be  of  reduced  r a t h e r   than  fu l l   he igh t   at  l e a s t  

in  the  v i c i n i t y   of  the  o s c i l l a t o r   device  in  order  to  improve  

matching  t h e r e t o .  



1.  A  tunab le   waveguide  o s c i l l a t o r   compr is ing   an  e longa te   p o r t i o n  

of  r e c t a n g u l a r   waveguide  having  a  t e r m i n a t i o n   at  one  end,  a  n e g a t i v e -  

r e s i s t a n c e   o s c i l l a t o r   device  spaced  along  the  p o r t i o n   of  waveguide  

from  said  one  end,  means  compris ing   a  v a r a c t o r   diode  for  p r e s e n t i n g  

an  e l e c t r i c a l l y   v a r i a b l e   r e a c t a n c e   in  the  waveguide  at  a  region  t h e r e o f  

l o n g i t u d i n a l l y   between  the  o s c i l l a t o r   device  and  the  t e r m i n a t i o n ,   and 

means  for  m e c h a n i c a l l y   a l t e r i n g   the  e f f e c t i v e   e l e c t r i c a l   spac ing ,   i n  

terms  of  the  wavelength   in  the  waveguide  at  the  o p e r a t i n g   f r e q u e n c y  

of  the  o s c i l l a t o r ,   between  the  o s c i l l a t o r   device  and  said  r e g i o n ,  

wherein  in  o p e r a t i o n   said  spacing  is  app rox ima te ly   an  i n t e g r a l   number 

of  h a l f   wave leng ths ,   and  wherein  the  v a r i a b l e   r e a c t a n c e   means  e x t e n d  

into  the  waveguide  over  only  par t   of  the  he igh t   of  the  waveguide  a t  

said  r eg ion ,   measured  p e r p e n d i c u l a r   to  the  broad  walls  of  the  wavegu ide .  

2.  An  o s c i l l a t o r   as  claimed  in  Claim  1  wherein  said  t e r m i n a t i o n  

and  said  means  for  m e c h a n i c a l l y   a l t e r i n g   said  spacing  comprise  a 

movable  s h o r t - c i r c u i t   at  said  end .  

3.  An  o s c i l l a t o r   as  claimed  in  Claim  1  or  2  wherein  t h e  

v a r a c t o r   diode  extends  into  the  waveguide  away  from  one  broad  wall  t h e r e -  

of  and  wherein  the  v a r i a b l e   r e a c t a n c e   means  f u r t h e r   comprise  a  member 

p r o v i d i n g   an  e l e c t r i c a l l y   conduc t ive   c o n n e c t i o n   to  a  termimal  o f  

the  v a r a c t o r   diode  remote  from  said  one  broad  wall  and  ex tending   t r a n s -  

verse   to  the  waveguide  from  said  t e rmina l   to  at  l e a s t   one  of  t h e  

narrow  walls   of  the  w a v e g u i d e .  

4.  An  o s c i l l a t o r   as  claimed  in  Claim  3  wherein  said  member 

extends   s u b s t a n t i a l l y   p a r a l l e l   to  the  broad  walls  of  the  wavegu ide  

s u b s t a n t i a l l y   mid-way  t h e r e b e t w e e n .  

5.  An  o s c i l l a t o r   as  claimed  in  Claim  3  or  4  wherein  s a i d  

conduc t ive   c o n n e c t i o n   is  e l e c t r i c a l l y   coupled  to  said  at  l e a s t   one 



of  the  narrow  wal l s   at  R.F.  but  is  e l e c t r i c a l l y   i s o l a t e d   t h e r e f r o m  

a t  D . C .  

6.  An  o s c i l l a t o r   as  claimed  in  Claim  3,  4  or  5  wherein  t h e  

v a r i a t i o n   of  o p e r a t i n g  f r e q u e n c y   with  d i r e c t   vo l t age   across   t h e  

v a r a c t o r   diode  is  s u b s t a n t i a l l y   l i n e a r   over  at  l e a s t   the  m a j o r i t y  

of  the  maximum  operab le   range  of  v a r i a t i o n   of  the  c a p a c i t a n c e   o f  

the  v a r a c t o r   diode  and  wherein  the  v a r a c t o r   diode  is  an  a b r u p t  

tuning  v a r a c t o r   d i o d e .  

7.  An  o s c i l l a t o r   as  claimed  in  any  p reced ing   claim  f u r t h e r  

compris ing  a  waveguide  stub  branched  from  the  e l onga t e   p o r t i o n   o f  

waveguide  s u b s t a n t i a l l y   at  said  r eg ion ,   the  stub  compr is ing   means 
for  vary ing   the  r e a c t a n c e   p r e s e n t e d   thereby  to  the  e longa te   p o r t i o n  
of  w a v e g u i d e .  

8.  An  o s c i l l a t o r   as  claimed  in  Claim  7  wherein  said  means 
for  varying  the  r eac t ance   p r e sen t ed   by  the  stub  comprise  a  movable  

s h o r t - c i r c u i t   t e r m i n a t i o n   of  the  s t u b .  

9.  An  o s c i l l a t o r   as  claimed  in  Claim  7  or  8  wherein  the  s t u b  

impedance  is  e f f e c t i v e l y   in  s e r i e s   with  the  e longa te   p o r t i o n   of  w a v e g u i d e .  
10.  An  o s c i l l a t o r   as  claimed  in  Claim  9  as  appendant   t o  

Claim  3  wherein  the  stub  is  branched  from  the  broad  wall  of  t h e  

waveguide  oppos i t e   said  one  broad  w a l l .  
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